Background: Lumbar punctures (LPs) are common in children with cancer. Although pain management during the lumbar puncture has been well standardized, dealing with stress and anxiety is not well addressed yet. Our objective was to evaluate the potential improvement of the LP success rate using a positioning pillow, to ensure maximum lumbar flexion, and allow paravertebral muscles to relax, in children who are awake, with either conscious sedation or no sedation.
Background
Lumbar punctures (LP) are commonly performed for diagnosis or treatment purposes in children with cancer or haematological diseases. Anaesthesia or deep sedation is not recommended in France for lumbar punctures [1] . Because of lack of anaesthesia, appropriate body posture, muscle relaxation, and quietness of the child are important determinants of the success of the LP. When LPs are performed in a good position, pain is well controlled by local anaesthesia. A good positioning of the child usually requires the presence of at least 3 attendees: one to hold the child, one to perform the LP, and a third person to serve or help the performer In a paediatric population, LP causes anxiety and stress [2] , leading to a high rate of samples being traumatic or hemorrhagic. Repeated attempts to obtain a successful LP will, in turn, aggravate anxiety [3] . Evans et al. have shown that 70% of patients undergoing LP have post traumatic haemorrhage with a red blood cell counts (RBC) ranging from 1-5/mm 3 (27%) to more than 50/mm 3 (24%) [4] . Needle size, thrombocytopenia, repeated or recent LPs are among factors that affect its quality [3, 5, 6] . The rate of successful LPs in our hospital within the last 2-year reached 70%. Success was defined as a LP achieving its objective at the first attempt (sampling or injection), and a RBC ≤ 50/mm 3 .
Although awareness in controlling pain during invasive procedures has increased, evidence based pain management remains insufficient.
Non pharmacological, cognitive, and behaviour-based techniques such as hypnosis, comfortable environment and distractions are currently used to control pain [7] [8] [9] [10] .
To decrease discomfort and apprehension, and to improve the position of the patient during the LP, we developed a positioning pillow. This pillow allows children to remain in an appropriate position throughout the LP procedure, and to be relaxed. The device is currently in use in our centre, and seems useful for the nursing staff and the children. A randomized controlled study was performed to estimate the success rate of LPs using the LP pillow compared to the usual procedure. Secondary outcomes were pain, anxiety, post-LP syndrome defined according to Spencer et al. description [11] , and the satisfaction of the children, the parents and the caregivers.
Methods

Participants
Children aged 2 to 18 years undergoing an LP were eligible for inclusion. Children who had already participated or used the LP pillow, who had a medical condition (orthopaedic anomaly) contraindicating the use of the LP pillow or whose parents refused consent were excluded.
Participants undergoing LPs were randomly assigned to "LP pillow" or "no intervention". A permuted-block algorithm was used for randomization, and participants were stratified according to allocation centre. Concealed allocation was centralized by a phone call to the coordination centre after eligibility check and baseline data collection.
Intervention
LPs were performed according to the routine clinical practice of participating centres, in a sitting position of the child, using local anaesthesia, and mild sedation, the child being awake in both groups. The LP pillow is made of polyethylene microcellular foam, coated with rubber to facilitate decontamination. It is placed on the thighs of the child who was sitting with his trunk leaning forward. This position ensures a maximum lumbar flexion. The trunk can rest on the pillow allowing paravertebral muscles relaxation. The body axis and the spinal column are perfectly maintained symmetrical in the sagittal plane ( Figure 1 ).
The pillow includes side supports for the head; the face remains uncovered in order to allow the child to breathe, speak comfortably and to facilitate nitrous oxide administration. Aides hold the patient's arms along the cervical column in a neutral position and an opening allows parents to touch their child's hands and forearms. To ensure effective stabilization, splints positioned at the bottom side of the LP pillow immobilize the child's thighs. Four LP pillow sizes were available for the study (for 2-6 year, 6-10 year, 10-15 year and 15-18 year). Sterilisation was performed using surface disinfection after each use.
The study was performed with experienced operators having performed more than 50 LPs before. The minimal required platelet count prior to LP was 50,000/mm 3 .
Outcomes
The primary outcome was the success or the failure of the LP. LP was rated successful when it achieved its purpose (sampling and/or treatment) at the first attempt, without visible haemorrhage or with RBC < 50/mm 3 in the cerebrospinal fluid (CSF) sample (cytological analysis). When one of these criteria was missing, LPs were rated as failure.
Secondary outcomes included: the child's pain, evaluated by self-administered visual analogical scales (VAS) for children over 6 years of age; the parents' and caregivers' perception of the child's pain; the satisfaction of the child, the parents, the caregivers and the physician who performed the LP; the cooperation of the child rated with the "LeBaron Scale", a 8-item scale, rated by an observer to evaluate the child's anxiety based on its behaviour [12] ; the incidence, the symptoms and the length of the post-LP syndrome assessed 48 hours after the LP by a phone interview; post-LP syndrome was defined as a bifrontal, occip-ital, neck, or upper shoulders location headache, with onset during the first 24 or 48 hours, characterised by postural worsening in upright position, coughing, straining and which alleviates while lying down, of mild intensity to prostrating, with possible associated symptoms: photophobia, nausea, loss of appetite, diplopia [11] . To be able to estimate if the pillow seemed convenient or not, we also counted the number of attendees (parents and/or caregivers) present and the length of the LP procedure.
The data collection included the drugs used (anaesthetic, sedative and analgesic drugs); the needle size (19G, 20G, 22G); the general medical state of the child evaluated with Lansky score, a performance status rating scale used in children with cancer [13] ; the platelet count; the number of previous LPs; the date of the LP and the satisfaction with the last LP (verbal scale), the practitioner's experience in performing LP, the presence of the parents, the aim of the LP (diagnosis, therapeutic monitoring, treatment injection) and the amount of CSF removed (drops).
The study protocol was approved by the institutional review board of Lyon A -Hôtel-Dieu on the 8 th June 2004, and was conducted in accordance with the Helsinki Declaration. All parents gave a written informed consent before their child participated in the study. Children were Illustration: The LP pillow is placed on the thighs of the child; it includes side supports for the head, openings to allow the child to breathe and speak, to touch the child's hands and forearms and be able to administrate nitrous oxide, N2O-O2 Figure 1 Illustration: The LP pillow is placed on the thighs of the child; it includes side supports for the head, openings to allow the child to breathe and speak, to touch the child's hands and forearms and be able to administrate nitrous oxide, N2O-O2. Props supporting the patient's arms maintain the cervical column in a neutral position.
asked to give written consent when fully able to understand the proposed procedure.
Data management and quality control were performed by CLININFO S.A. (France).
Sample size and statistical analysis
The protocol initially included a total of 80 children. The sample size calculation was based on a 70% success rate in the control group and 95% in the LP pillow group, with 80%-power and 0.05 two-sided significance level. After inclusion of the 40 ieth child and based on the success rate in the control group, the sample size was re-estimated and increased to 124 children (62 per group). In order to achieve this sample size, inclusion period was extended from 12 to 24 months. 
Results
Between July 2004 and September 2006, 124 children, 62 in the pillow group and control group were included. Twenty four children were included in centre 1 (paediatric oncology service), and 100 children in centre 2 (paediatric haematology), in the paediatric hemato-oncology Institute, Lyon, France. Because of technical problems, cerebrospinal fluid samples could not be analyzed in three patients (two in the control group, one in the pillow group). One participant in the control group was given a pillow (protocol deviation) ( Figure 2) Analysis of the baseline characteristics of participants (table 1) shows no major differences between randomized groups. Concomitant therapies to alleviate pain or stress were identical in both groups: 30% received premedication with Hydroxyzine 1 mg/Kg, 98% received local anaesthesia with a lidocaïn/prilocaïn patch, and 94% received N 2 0-0 2 therapy.
With LP pillow, the rate of success, the patient's pain, the satisfaction of the child, the parent's and the nursing staff, the LP duration and the number of attending persons were not significantly improved (table 2) . The overall rate of success was 62%, 67% in the LP pillow and 57% in the control group. Reasons for LP failure included i) need for more than one attempt to achieve the LP (19%), ii) LP goal not reached (3%), and iii) CSF haemorrhage (21%, either microscopic or macroscopic).
Eight (33%) children in centre 1 and 28 (77.8%) in centre 2 received premedication, 24 (100%) in centre 1 and 98 (98%) in centre 2 received local anaesthesia using an EMLA ® patch and 19 (79%) in centre 1 and 98 (98%) in centre 2 received nitrous oxide (ENTONOX ® ). Clinical routine practices were different between the two centres regarding the attendance of care givers: 3 persons on average in centre 1, and 4 in centre 2 attended the LPs. One parent was present in 79% of cases in centre 1, and in 57% in centre 2 (p = 0.004). The platelet count was lower in centre 2 compared to centre 1: 305,083/mm 3 (SD 166,714), vs 177,085 (SD 106,903), p = 0.0011.
We performed a post-hoc analysis in the subgroup of 72 children aged over 6-year (58%). In this sub-group, LP success rates were significantly higher with the LP pillow (58.5% vs. 41.5%, p = 0.031). This subgroup seem more satisfied (84.4% vs. 75.0%, p = 0.344) with the pillow (Table 3 ).
Discussion
We performed a randomized controlled trial to estimate the benefit of the LP pillow in improving the success rate of LPs and in reducing patient discomfort. Our hypothesis was that the LP pillow by improving the child's position, would increase the rate of successful LPs, and decrease pain, especially when LPs are performed without deep sedation.
There was no statistically significant difference between LP rate of success with and without pillow. Results were also indeterminate for all secondary criteria. Even though our results are inconclusive, LP Pillow tends to improve consistently the main outcomes. The rate of successful LPs tended to be higher in the pillow group (68% vs. 57%, p = 0.23), with fewer bleeding (19% vs. 23%, p = 0.48), and post-LP syndromes (15% vs. 24%, p = 0.17). Children seemed to declare less pain with the pillow (median VAS 15 vs. 25 mm, p = 0.39), whereas caregivers seemed to perceive more pain (median VAS 17.5 vs. 10 mm, p = 0.16) and more anxiety (median score 4 vs. 3.5, p = 0.28) in children treated with the pillow. Lumbar punctures with local topical anaesthesia and sedation with MEOPA ® produce usually fairly low pain scores [1] . This might explain why we were not successful to reduce the pain scores with LP pillows.
In terms of satisfaction, children seemed to be more (84% vs 75%, NS), caregivers equally (81% vs 79%, NS), and operators less satisfied (79% vs 84%, NS) with the pillow. Nine (7%) patients who were in the pillow group had the pillow removed when difficulties occurred while performing the LPs. These difficulties occurred mostly in very young patients, since eight of them were less than 6 years of age. These patients were all in centre 2. This centre had little experience with the pillow before the study, but recruited most patients. Family attendance does not influence the child's anxiety, pain, satisfaction, nor the nursing staff's satisfaction, nor the LP success rate, as published before [14] .
Optimising human resources use by decreasing the number of attendees during LP procedure was a potential advantage of the pillow. We believe that the number of attendees was not modified during the study in any group, because no specific action was taken to encourage physicians to reduce this number.
The rate of success with LP pillows was significantly higher in the subgroup of children over 6-year of age. This was, however, a post hoc analysis, and the study was not stratified on children's age. This sub-group analysis was planned after care givers reported that the pillow appear not to be very useful for young children. The cut-off age was fixed at 6 years since it was the cut-off for validated pain and satisfaction scales. We think that the shape, size or smoothness of the device might be insufficiently adapted to smaller children. For younger children, the device seems too large and too hard, and technical improvements are necessary. Moreover, LPs might be easier in younger children without supporting devices.
We are not aware of any other published studies evaluating medical devices used to improve LPs through positioning management.
flow diagram of the progress through the study Figure 2 flow diagram of the progress through the study.
We based our number of necessary subject calculation on the LP rate of success reported in previous studies [4] [5] [6] 14, 15] . At our hospital the rate of traumatic LPs (20% within the last two-year) was consistent with those reported in the literature. We expected a 70% success rate in our centre which is very similar to the rate of success described in the literature when LPs are performed without deep sedation/anaesthesia. But only 60% of LPs succeeded in the control group. With this rate of success, and an 11% difference between groups, more than 300 patients per group would have been required to provide an 80% statistical power to the study. One explanation might be that most children were recruited in centre 2, and had a lower platelet number (305 (SD 166) vs 177 (SD106), p = 0.0011).
Because of the nature of the intervention, it was not possible to warrant blind intervention. Therefore, the assessment of some secondary endpoints, e. g. the child's anxiety on the Le Baron scale, level of pain and satisfaction evaluated on VASs were potentially biased. Conducting clinical trials to evaluate interventions to alleviate pain in children with cancer is difficult, because of the very limited numbers of patients. Recruiting 124 patients was therefore quite difficult and demonstrating a significant difference was very challenging. The pillows are still in use in the services who performed the study.
Conclusion
Overall results do not demonstrate a benefit in using this pillow for lumbar punctures. This study results also suggest a benefit in the sub group of children over 6-year of age. Should further studies be performed, they should target this age range.
